ABSTRACT -The aim of this study was to verify the effect of the addition of an enzyme complex on performance (feed intake, egg production, egg weight and egg mass, feed conversion per egg mass, and feed conversion per dozen eggs), and on egg quality (% of shell, albumen and yolk, shell thickness, specific gravity, Haugh unit, yolk index, and albumen index), in medium-heavy laying hens at 28 to 40 weeks of age. A total of 240 Hy-Line Brown laying hens were used in a randomised block design with 10 replications of six birds per lot and four treatments: positive control (basal feed), negative control (with a reduction in metabolisable energy, crude protein, calcium and phosphorus), negative control + enzymes, and positive control + enzymes. The enzyme complex, composed of β-glucanases, β-xylanase, cellulase and phytase, was added to the feed at a ratio of 50 g t -1 . The data were submitted to analysis of variance with the mean values compared by Tukey's test at 5%. There was no difference in feed intake or egg weight between treatments. However, the addition of the enzyme complex to the negative control diet gave results similar to the remaining performance variables when compared to the positive control group. For the external and internal quality of the eggs, there was no difference between treatments for the variables under evaluation, except for the albumin index. It was concluded that use of the enzyme complex in the diet of medium-heavy laying hens gives a reduction in nutritional density without compromising production performance or egg quality.
INTRODUCTION
Exogenous enzymes have mainly been used to improve the digestibility of ingredients with high levels of non-starch polysaccharides (NSP), such as rye, wheat, barley and oats. NSP are the main constituents of the cell wall of foods of plant origin that during digestion have ahigh water retention capacity, making enzymatic action difficult, and forming a gelatinous substance in the intestinal tract (LIMA et al., 2007) .
Even with the constant search for alternative foods, maize and soybean meal are respectively still the principal sources of energy and protein used in poultry diets, however, the composition of soybean meal includes 20% NSP, with almost no digestibility. Wheat bran is a good alternative in poultry diets and can supply up to 70% of the metabolisable energy of the diet, but the high levels of arabinoxylans (AX) in its composition restrict its use in feed for commercial poultry (O'NEILL; SMITH; BEDFORD, 2014).
As feed ingredients have differences in their chemical composition, and considering that enzymes are specific in their reactions, commercial products composed of several enzymes are generally effective (MURAKAMI et al., 2007) . According to Barbosa et al. (2012) , enzymes can be used as nutritional strategies to generate a reduction in the nutrient level of diets and achieve a similar or better response from the birds when compared to a diet of adequate nutrient levels. This response comes from increases in the nutritional value of the ingredients due to the action of the enzyme in improving nutrient availability. Silva, Fonseca and Guedes Filho (2000) identified the possibility of using enzyme complexes in diets based on low-viscosity cereals, such as maize, sorghum and soybean meal, with the aim of increasing the use of starch and protein. Enzymes, in addition to increasing digestibility and feed efficiency, lessen the action of growth inhibitors, especially NSP, by helping endogenous enzymes in the digestive processes. Gálik and Horniaková (2010) found that the addition of the enzymes xylanase and glucanase in the feed of Isa Brown laying hens had a positive effect on the productivity of the birds. Similarly, Khan et al. (2011) , evaluating performance and egg quality in laying hens supplemented with an enzyme complex in comparison to non-supplemented birds, found that addition of the enzyme to the basal diet significantly increased egg production, weight and mass, and improved feed conversion, as well as having a positive effect on the Haugh unit.
The aim of this study was to evaluate the effects of including an enzyme complex in diets based on maize, soybean meal and wheat bran on the performance and egg quality of medium-heavy commercial laying hens.
MATERIAL AND METHODS
The experiment was conducted in the PoultryFarming Sector of the Goiano Federal Institute (IF Goiano), in the town of Ceres in the State of Goiás, Brazil. All experimental procedures were carried out in accordance with the ethical standards and approval of the Ethical Committee on the Use of Animals (CEUA) of IF Goiano, under Protocol 018/2012.
One hundred and twenty-five Hy-Line Brown medium-heavy laying hens from 28 to 40 weeks of age were used, housed in a shed containing galvanised wire cages measuring 25 × 45 × 40 cm, distributed laterally on two floors and equipped with a gutter trough feeders and drinking nipples.
Management of the birds was daily, when they were supplied with water and feed at will and lighting for 17 hours a day; the eggs were collected in the morning and afternoon. According to the data obtained from the Ceres Meteorological Station located on the IF Goiano campus, the mean maximum and minimum temperatures during the experimental period were 31.6 °C and 16.7 °C respectively, with a mean relative humidity of 76.6%.
The experimental design was of randomised blocks, with four treatments and ten replications of six birds per experimental unit. The treatments were distributed in two blocks, comprising opposite sides of the rows of cages, due to the greater incidence of solar radiation on one side.
The treatments consisted of four diets based on maize, soybean meal and wheat bran: positive control diet; positive control diet with the on-top addition of enzymes; negative control diet; and negative control diet with the addition of enzymes.
The positive control diet was formulated according to the recommendations of the Hy-Line Brown Performance Standards Manual (HY-LINE DO BRASIL, 2011); the negative control diet was calculated with a reduction of 79 kcal kg -1 metabolisable energy, 0.49% crude protein, 0.09% calcium and 0.13% available phosphorus, as per the nutritional matrix of the multienzyme complex used, which was provided by the manufacturer (Table 1) .
The enzyme complex, containing β-glucanases, β-xylanases, cellulose and phytase, was added on top of the feed at a dose of 50 g t -1 .
Effects of enzyme supplementation on diets of medium-heavy laying hens at 28 to 40 weeks The experiment was divided into three periods of 28 days to collect data and to calculate variables of performance and egg quality.
The performance variables being analysed were: feed intake (g bird -1 day -1 ), egg production (% bird -1 day -1 ), egg weight (g), egg mass (g bird -1 day -1 ), feed conversion for egg mass (g g -1 ) and feed conversion per dozen eggs (kg dozen -1 ).
To determine egg quality, three eggs per experimental unit were collected during the last three days of each period. The variables under analysis were egg percentage composition (shell, albumen and yolk), shell thickness (mm), specific gravity and internal egg quality (Haugh unit, yolk index (%) and albumen index (%)). ¹Quantity per kg of feed: Vit. A, 1,750,000 IU; Vit. D3, 500,000 IU; Vit. E, 1,250 IU; Vit. K3, 400 mg; Vit. B, 750 mg; Vit. B12, 2,000 mg; Niacin, 5,000 mg; Choline, 58.590 g; Pantothenic acid, 1,250 mg; Methionine, 247.50 g; Copper, 2,000 mg; Iron: 12.500 g; Manganese, 17.500 g; Zinc, 12.500 g; Iodine, 300 mg; Selenium, 50 mg; Bacitracin Zn, 5,000 mg To obtain the percentage composition, the eggs were weighed on a semi-analytical precision balance with a readability of 0.001 g (total egg weight) and then broken to weigh the yolk and shell. The weight of the albumen was obtained from the difference between the total egg weight and the weight of the shell plus the weight of the yolk. The shell was weighed after drying at room temperature, and shell thickness was measured with a digital caliper at two points in the centre-transversal area, the mean value obtained being expressed in millimeters (mm). Specific gravity was determined by immersing the eggs in plastic buckets containing different saline solutions, with densities that varied from 1.0650 to 1.100, at intervals of 0.0025, as per the methodology of Moreng and Avens (1990 
where H = albumen height (mm) and W = egg weight (g) (HARDER et al., 2008) .
The data were submitted to analysis of variance, and the mean values were compared by Tukey's test at 5% probability using the ASSISTAT statistical software (SILVA, 2016).
RESULTS AND DISCUSSION
There was no difference (P>0.05) between the intake of birds fed the basal diet and those fed a diet of low nutritional density, with or without the addition of enzymes (Table 2) . Laying hens usually respond to an energy reduction in the diet with an increase in feed intake to meet their daily energy needs. However, the reduction in energy of the low nutritional density feed was not sufficient to influence intake in the birds.
This result was similar to that found by Vieira Filho et al. (2015) , who saw no effect on the intake of medium-heavy laying hens fed diets with basal and reduced energy levels, supplemented or not supplemented with 500 g t -1 protease.
However, Gentilini et al. (2009) found a significant reduction in the feed intake of laying hens that received diets containing an on-top enzyme complex with no energy increase, showing that the enzymes improved the energy value of the diets, having an influence on feed intake. Nonetheless, Geraldo et al. (2014) found that feed intake was higher in birds fed diets with low nutritent levels, with or without the addition of enzymes (carbohydrases and phytase), indicating that the levels of enzyme supplementation were not sufficient to meet the energy requirements of the birds.
Comparing the birds fed a low nutritional density diet, and supplemented or not supplemented with enzymes, those that received enzyme supplementation showed better results for egg production, egg mass, feed conversion per dozen eggs, and feed conversion for egg mass, being similar to the results found for birds that received the positive control diets with no enzymes. With the nutritional matrix recommended by the manufacturer, inclusion of the enzyme complex had a beneficial effect on nutrient digestibility, which can be attributed to a reduction in intestinal viscosity.
Similarly, Lázaro et al. (2003) found that laying hens fed diets based on rye, wheat and rice, and supplemented with an enzyme combination, produced 2.1% more eggs per housed hen. Silva et al. (2012) also found that a diet of reduced nutrients and no enzyme supplementation provided the worst values for feed conversion, confirming the beneficial effect of including enzymes in the diets of medium-heavy laying hens.
There was no difference in egg weight for birds submitted to the different treatments. The reduction in nutrient levels and the inclusion of exogenous enzymes did not influence egg weight, but had an effect on production, which reflected in the values for egg mass. This result agrees with Viana et al., who found no effect from diet (positive or negative control, with or without the addition of xylanase) on egg weight (P>0.05).
On the other hand, Murakami et al. (2007) found that egg weight in laying hens fed a basal diet formulated Table 2 -Performance of laying hens fed diets supplemented with enzyme complex, from 28 to 40 weeks of age 1 PC = positive control; NC = negative control; P = probability; CV = coefficient of variation; a,b = mean values followed by different letters differ statistically by Tukey's test at 5% probability Effects of enzyme supplementation on diets of medium-heavy laying hens at 28 to 40 weeks with a 5% deficiency in relation to the nutritional requirements of the line, and supplemented with a multienzyme complex at levels of 400 or 500 ppm, was higher than that achieved by birds fed with a product-free diet. Araújo et al. (2008) found that the addition of an enzyme complex containing galactosidase, galactomannanase, xylanase and glucanase, improved egg weight in mediumheavy laying hens fed a diet containing different levels of wheat bran.
Birds submitted to the diet of low nutrient density without the addition of enzymes, displayed less egg mass in comparison to birds that received the same diet with the addition of the enzyme, which did not differ statistically from the Positive Control treatment and the Positive Control treatment with enzymes (P>0.05). The addition of the enzyme complex in diets with reduced nutrient levels guaranteed the availability of nutrients and their efficient use by the birds, since there was no difference from the positive control treatment. It is therefore possible to reduce feed costs by reducing the inclusion of certain ingredients in the diet of birds, without having an effect on production performance. Viana et al. (2011) also obtained similar results and found lower values for egg production and egg mass in the group fed diets with no addition of xylanase. Similarly, Fuente and Soto-Salanova (1997) found a significant increase in the mass of eggs produced daily by laying hens that received diets based on corn and soybean with the inclusion of 8% and 16% enzyme complex.
The on-top addition of the enzyme complex to the positive control diet did not improve production performance in the birds when compared to birds submitted to the positive control diet with no addition of the enzyme, or those submitted to the negative control Table 3 -Parameters of egg quality in semi-heavy laying hens fed diets supplemented and not supplemented with enzyme-complex, from 28 to 40 weeks of age 1 PC = positive control; NC = negative control; P = probability; CV = coefficient of variation diet with enzymes. In this case, it was confirmed that the positive basal diet easily met the nutritional needs of the birds, with no effect from the on-top addition of the enzyme. Similar results were found by Murakami et al. (2007) , Viana et al. (2009) and Viana et al. (2011) , who emphasised that the use of a multi-enzyme complex is efficient when added to nutrient-deficient diets, with a percentage increase in the variables of productive performance. Oba et al. (2013) likewise found that the on-top addition of an enzyme complex to feeds based on maize and soybean meal gave no improvements in egg performance or quality in laying hens at 60 weeks of age.
On the other hand, Gentilini et al. (2009) found that when the enzyme complex was added on top of the diet, it led to a reduction in intake, but maintained production and bone resistance in laying hens.
According to the analysis of variance of the data for external and internal egg quality, there was no significant difference (P³0.05) between treatments for the egg parameters percentage shell, percentage albumen, percentage yolk, shell thickness or specific gravity (Table 3 ).
These results demonstrate that birds that were fed the diet with a reduced nutrient content showed the same characteristics for external egg quality as birds that received the positive control diet, since the reduction in nutrient levels was not sufficient to have any effect on these parameters. Even under conditions of nutrient deficiency, the laying hens maintained the qualitative characteristics of the eggs, to the detriment of production. Viana et al. (2011) , who found that egg composition in commercial laying hens from 24 to 48 weeks of age was not affected (P>0.05) by the experimental diets (positive and negative controls, with and without xylanase). Similarly, Han et al. (2010) , in a study of the influence of enzyme supplement on performance, nutrient digestibility and egg quality in laying hens, noted that enzyme supplement in the diet had no significant effect on egg production or egg quality. Oba et al. (2013) also found that there was no difference in percentage yolk, albumen or eggshell in laying hens fed different levels of an enzyme complex containing amylase, phytase and protease.
In work developed by Gentilini et al. (2009) , the variables of specific gravity, shell weight and shell thickness were not affected by the different energy values of the enzyme complex added to the diets. However, egg weight and albumen weight showed reduced values in birds that received the on-top enzyme complex, probably due to the lower feed intake of these birds.
As for the internal quality of the eggs, there was no effect from the enzyme complex on the Haugh unit or yolk index; the exception was the albumen index, where the negative control diet presented a higher index compared to the other diets. The albumin index and the yolk index correlate height with diameter as an indication of consistency. As the yolk or albumen diameter increases, there is a reduction in these indices. Similar results were found by Geraldo et al. (2014) , who noted that nutrient reduction and supplementation with different levels of a mixture of phytase and carbohydrases, did not affect the internal quality of the eggs (Haugh unit) in medium-heavy laying hens at 42 to 57 weeks of age.
However, in studies by Murakami et al. (2007) , a difference (P<0.01) was seen in mean values of the Haugh unit in the eggs of laying hens fed diets supplemented with an enzyme complex. This was similar to Khan et al. (2011) , who found that the Haugh unit was significantly greater in a group of birds fed diets supplemented with enzymes, compared to the negative control group. However, the same authors found that the remaining parameters of internal and external egg quality showed no differences between the various treatments.
CONCLUSION
The inclusion of an enzyme complex in the diets of medium-heavy laying hens from 28 to 40 weeks of age reduces the nutritional density of the diet without compromising production performance or egg quality.
